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SYNOPSIS 


!•  This  is  the  eighth  partial  report  on  Task  Assignment  NPG-Re2d- 
61-1-53*  the  "Development  of  a Cool  Propellant  for  the  5"/54  Cal- 
iber Gun",  and  the  final  report  on  "Ballistic  Test  of  Cool  Propel- 
lants EX- 7016  - EX- 7021  inclusive,  EX-7038,  and  EX- 7048  - EX-7050 
Inclusive " • 

2.  From  the  results  of  the  subject  tests,  it  is  concluded  thati 

a*  None  of  the  subject  propellants  tested  in  the  5"/54  cal- 
iber gun  (Mk  18  or  Mk  lo)  were  satisfactory  at  3OOO-3IOO  f/s 
velocity  in  the  22-24  tsi  pressure  range  within  the  limitation 
of  3V5  PPD  (Production  Packing  Depth)* 

b.  Difficulty  in  establishing  and  maintaining  optimum  powder 
packing  conditions  was  experienced  due  to  the  soft  and  fish-scale 
surface  structures  of  EX-7016  through  EX-7021*  For  the  assessed 
charge  or  20*75  IL.  of  EX- 7020,  an  increase  of  1V5  in  PPD  was 
obtained  by  graphiting  the  powder* 

c*  EX-7038  was  unsatisfactory  as  a replacement  for  EX-6883* 

d*  Mono- perforated  powders  are  readily  ignitable  and  show 
possibilities  for  use  at  higher  velocities  and  pressures  in  the 
5"/54  caliber  gun* 

e*  No  appreciable  differences  in  ballistics  were  obtained 
between  the  EX-23-1  and  Mk  41-0  (60  lb*)  projectiles* 

Preliminary  firings  indicate  that  propellants  with  higher 
relative  ignitability  and  larger  percent  nitrate  nitrogen  are 
more  sensitive  to  basic  ignition  changes. 

f.  The  pressure-time  curv<3s  obtained  with  the  subject  pro- 
pellants had  steps  occurring  in  the  pressure-rise  region  and  in 
general  were  rougher  than  those  obtained  with  EX-6822  or  EX-6883* 
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i 

INTRODUCTION 


1.  AUTHCmmi 

The  tests  reported  herein  were  authorized  by  references  (b), 
(c),  and  (d)  and  conducted  under  Task  Assignment  NPG-Re2d-6l-l-53 
as  established  by  reference  (a)» 

2.  REFERENCES t 

a,  BUORD  Conf  Itr  Re2d-CNBiaph  Ser  42692  of  29  July  1952 

b.  BUORD  Conf  Itr  Re2d-CNBiaph  Ser  44705  of  12  Sept  1952 

c«  BUORD  Conf  Itr  NP9  Re2d-ERD*jd  Ser  4782a  of  I8  Nov  1952 
d.  BUORD  Conf  Itr  NP9  Re2d-ERDidad  Ser  48931  of  10  Dec  1952 

e«  BUORD  Conf  Itr  Re2d-ERD»aph  Ser  47419  of  7 Nov  1952  to 

E.  I.  duPont  Company 

f.  NPG  Conf  Report  No.  984  of  I8  Aug  1952 

g.  Description  Sheets  of  Manufacture  and  Closed  Bomb  Data 

h.  USNPF  Conf  Report  No.  40  (NAVORD  Report  No.  3OII)  of 
15  May  1952 

1.  NPG  Conf  Report  No.  873  of  17  Dec  1951 

3.  BACKGROUND! 

Reference  (a)  established  the  general  task  for  the  develop- 
ment of  cool  powders  for  the  5"/54  caliber  gun.  Reference  (b) 
requested  that  EX-7OI6  through  EX-7021  be  fired  for  ballistic 
assessment  in  the  5’*/54  caliber  gun  with  the  60  lb.  projectile 
in  the  22-24  ton  pressure  range  at  a velocity  of  3000  to  3100  f/s. 
Reference  (b)  described  these  propellants  as  cool  picrite  powders 
with  a nominal  flame  temperature  around  2350® K,  prepared  by  duPont 
to  determine  the  effect  of  variation  in  nitrate  nitrogen  content 
on  ignj.tion  and  gun  ballistics.  Reference  (c)  requested  that 
EX-7038  be  fired  for  charge  determination  in  the  5"/54  caliber 
gun  and  described  it  as  a 2350*K  (nominal)  picrite  propellant  for 
possible  use  as  a replacement  for  EX-68&3  in  the  continuation  of 
the  rapid  fire-wear  program  as  reported  in  reference  (f).  Refer- 
ence (d)  requested  EX-7048,  7049  and  7050  (mono-perforated)  be 
fired  for  ballistic  assessment  in  the  5'V54  caliber  gun.  Refer- 
ence (d)  described  these  propellants  as  cool  picrite  powders 
prepared  in  accordance  with  reference  (e).  Reference  (h)  described 
the  development  of  a method  for  the  determination  of  the  ignit- 
ablllty  of  propellants. 
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4.  OBJECT  OF  TEST* 

a.  To  determine  whether  EX-7OI6  to  EX-7019  are  ballistically 
suitable  for  the  5"/54  caliber  gun  using  the  60  lb,  projectile  at 
a pressure  of  22-24  tsi  and  velocity  between  3OOO  and  3100  f/s, 

b.  To  determine  the  effect  of  increased  nitrate  nitrogen 
content  on  ignition  and  ballistics, 

c.  To  determine  whether  EX-703B  is  a satisfactory  replacement 
for  EX-6883, 

d.  To  determine  whether  mono-perforated  propellants  (EX- 7048- 
7049-7050)  are  suitable  ballistically  for  the  5'*/54  caliber  gun. 


e.  To  determine  if  the  subject  propellants  are  ballistically 
satisfactory  within  a PPD  (Production  Packing  Depth)  of  3* 5* 

(This  value  allows  for  manufacturing  tolerances  between  different 
powder  lots  and  is  essential  in  the  assembly  of  5"/54  cone-crimped 
ammunition). 


5,  PERIOD  OF  TESTt 

a.  Dates  of  Project  Letters: 

b.  Dates  Material  Received: 
EX-7016  to  7019  inclusive 
EX- 7038 

EX-7048- 7049- 7050 

c.  Date  Commenced  Test: 

d.  Date  Test  Completed: 


29  July  1952 
12  Sep  1952 
7 Nov  1952 
18  Nov  1952 
10  Dec  1952 


7 Aug  1952 
14  Oct  1952 
10  Dec  1952 
13  Dec  1952 
2 Feb  1953 
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PART  C 


DETAILS  OF  TEST 


6.  DESCRIPTION  OF  ITEMS  UNDER  TEST* 


Reference  (g)  gave  in  detail  the  powder  description  and  closed 
bomb  data.  A summary  of  the  data  follows* 


Nitrocellulose  (13.20S^N) 

20,425g 

20.33JK 

2O.58JS 

Nitroglycerin  #1 

19.48 

19.18 

19.37 

Picrite 

50.51 

51.12 

50.49 

Gentralite 

1.71 

1.54 

1.55 

Dibutylphthalate 

7.88 

7.83 

8.02 

Lead  Carbonate  (added) 

0.93 

0.84 

0,94 

Actual  Comuosition 

EX-7019 

EX- 7020 

EX- 7021 

EX-688^ 

Nitrocellulose  (13.20^N) 

31.12 

31.00 

30.46 

19.98 

Nitroglycerin  #1 

16.85 

19.28 

19.43 

14.61 

Picrite 

39.41 

39.64. 

39.58 

58,40 

Centralite 

2.00 

1.56 

2.01 

1.47 

Dibutylphthalate 

8.62 

8.52 

8.50 

5.54- 

Lead  Carbonate  (added) 

0.98 

0.92 

1,00 

1.01 

SX-70^8 

EX-7048 

EX- 7049 

EX- 7050 

Nitrocellulose  (13.20JSN) 

19.16 

19.90 

19.20 

19.08 

Nitroglycerin  #3 

15.29(*) 

15.36 

14.69 

14.42 

Picrite 

59.16 

58.12 

58.04 

58.61 

Centralite 

1.81 

2.02 

1.97 

1.88 

Dibutylphthalate 

4.58 

4.60 

4,94 

4.76 

Lead  Carbonate  (added) 

0,96 

0.95 

0.96 

0.99 

* Nitroglycerin  #1  v/ith  EX-7036 

Reference  (g)  also  gave  the  following  information* 
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7.  PROCEDURES 

a*  The  subject  propellents  were  fired  in  either  the  Uk  16-0 
or  Ilk  18-0  5”/54  caliber  guns*  Comparative  firings  were  conducted 
with  related  powders  listed  in  references  (f)  and  (!)•  All  tests 
were  conducted  with  the  60  lb#  projectile  for  3OOO-31OO  f/s  veloc- 
ity and  22-24  tsl  pressjure# 

Muzzle  velocities,  maximum  pressures  (copper  crusher), 
ejection  times,  and  visual  observations  of  flash  and  smoke  were 
obtained*  Pressure-time  records  were  obtained  on  representative 
powders* 

b*  Tests  were  conducted  to  determine  powder  packing  depth 
differences  with  graphlted  and  non-graphlted  powder* 

8*.  RESULTS  AND  DISCUSSIONS 

The  results  of  the  subject  tests  are  given  in  detail  in  the 
Appendices  and  are  summarized  belowg 

a*  Uniformity! 


Date 

Quo 

No* 

Powder 

PPD 

(in.) 

Charge 

(lbs.) 

Velocity 

JfA) 

Pressure 

(t  .8  .1 .) 

Bjee.  Tiae 

(«oo0 

No.  of 
Rds. 

16076 

EX-6883 

4*6 

20.15 

297112 

20.010.1 

0.02110.001 

5 

tt 

II 

EX-7016 

6*0 

16.50 

265010 

21.510.3 

0.01810.C01 

2 

m 

99 

BX-7017 

5*1 

18.50 

268914 

14.310.2 

0..^1910.000 

2 

Q 

H 

n 

1.4 

21.10 

295411 

18  .410.2 

0.0191U.C01 

3 

ft 

If 

BX-7018 

3.1 

20.00 

263718 

12.910,3 

6,022i0.00l 

2 

II 

n 

EX-7019 

5.9 

16.50 

293013 

26.610.4 

0.01710.001 

2 

n 

n 

SX-7020 

4.9 

18.50 

2757*4 

15.610.2 

0.08010.002 

2 

ft 

II 

n 

1*4 

20.90 

300416 

20.210.1 

0.01710,001 

2 

II 

II 

EX-7081 

4.6 

19.00 

257919 

12 .410.1 

0.01 910. OOe 

2 

V 

w 

II 

1.4 

21.20 

2809*4 

15.210.1 

0.08110.001 

2 

ti 

II 

EX-7038 

7.2 

18.00 

2 65912 

14.210.1 

0.08110.001 

3 

tt 

1! 

N 

1.4 

22  ,20 

3070*4 

20.710,3 

0.01810.001 

3 

12«19«62 

14763 

BX-6883 

4.6 

20.16 

2990*7 

20.910.5 

0.019*)  .000 

5 

n 

If 

EX-7080 

4.9 

16.50 

277115 

16.410.2 

0.018*0,001 

3 

wt 

n 

•* 

n 

1.6 

20.75 

800113 

2U0±0ji 

0,01710.001 

i 

Q 

n 

EX-7038 

7.2 

18.00 

267411 

14.410.1 

0.021*}  .001 

3 

19 

1% 

n 

1*4 

22  ,20 

305915 

20.910.3 

0,01810,001 

5 

% 

II 

Blend  (a) 

2,0 

20.50 

300717 

21.810.3 

0.016*0.000 

5 

H 

II 

n 

. 5.7 

18.00 

275912 

16.810.1 

0.018*0.001 

3 

9M 

H 

EX-70ZO(b)  3.1 

20.76 

297915 

21.210.1 

0.01710.001 

8 
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Gun 

PPD 

Charge 

Velocity 

Pressure 

Ejec.  Time 

No,  of 

Date 

No. 

Powder 

(^0  (v») 

(t .8.1.) 

(see.) 

Rds  . 

i;2 -19-52 

14758 

EX-6883 

4.6 

20.15 

2940i0 

18.610.2 

0,02010,001 

3 

• 

n 

EX-7020 

1.6 

20.76 

2958i2 

19.610.2 

0.01810,001 

3 

It 

n 

EX-7038 

2.3 

21.50 

2960±7 

18.610.2 

0.01710.000 

3 

n 

M 

Blend  (a) 

2.0 

20.50 

2975±4 

2 1.610 .3 

0,01710.001 

3 

■ 

n 

EZ-7050 

7.8 

18.65 

2644±1 

21.410.3 

0.01710.001 

3 

« 

a 

EX-7020(b)  3.1 

20.76 

2959i3 

21.310.7 

0.01710.000 

3 

1-2-53 

16077 

EX-7038 

6.7 

18.50 

272 5i2 

15.110.0 

0,01910.001 

2 

• 

It 

n 

3.0 

21.00 

2966±4 

18.510.3 

0.01810,001 

4 

n 

It 

" (0) 

3.0 

21.00 

2960±10 

17.810,4 

0.02010.002 

5 

11 

It 

EX-6822 

7.3 

16.50 

2822i4 

17.510,4 

0.02210.002 

3 

If 

n 

n 

3.5 

21.30 

307 6±6 

22 .010,2 

0.01910.001 

5 

If 

It 

“ (0) 

3.5 

21.30 

3076i7 

21.810.3 

0,01910.002 

5 

n 

n 

EX-6883 

6.9 

18  .50 

282  6±6 

17,210.2 

0.02010.000 

3 

• 

n 

« 

3.0 

21.30 

3099i8 

21,710.5 

0.01910.001 

5 

It 

It 

" (0) 

3.0 

21.30 

310212 

21,910.3 

0.01910.001 

5 

1-22-53 

14763  BX-7019(d)  8.1 

17.00 

278213 

24.110.2 

0.01910.001 

2 

n 

n 

" (e 

) 8.1 

17  ,00 

278212 

22  .810 .5 

0.01910.001 

2 

n 

n 

" (f)  8.1 

17.00 

2766x1 

20.510,1 

0,01910,001 

2 

It 

II 

EX-7017(d)  1.4 

21.10 

294813 

19,010,1 

0.01910.001 

2 

n 

n 

" (e 

) 1.4 

21.10 

292811 

17.810.0 

0.01910.001 

2 

n 

n 

" (f)  1.4 

21.10 

291511 

17.110.1 

0.01910,000 

2 

« 

K 

EX-6883(d)  4.4 

20  .15 

295714 

20.010.3 

0,02 110  .001 

5 

w 

tl 

" (e 

) 4.4 

20.15 

294912 

19.910.2 

0.02  310  .001 

2 

n 

n 

" (f)  4.4 

20.15 

2958119 

20.811.2 

2 

1-27-53 

14765 

EX-6822 

3.0 

21.56 

3070116 

21.510.8^0.02010.002 

2 

2 2. 3 10  .2(h) 

22.2±0.2(i) 

w 

tl 

EX-7019 

7.7 

17.00 

276614 

21 ,0±0  .5feX> ‘OlBlO  ,002 

3 

20.810.4^) 

20.610  .l(i) 

1-28-53 

14763 

EX-6883 

2.6 

21.26 

306318 

21,6±0.7fe)0.020i0,002(j)  5 

21.7±0.4<h) 

22  .510.5(1) 

2-2-53 

16078 

EX-6883 

3.0(k)  21,31 

306415 

22,910.4 

0.01910.002 

5 

e 

0 

EX-6822 

3.2^)  21.56 

309315 

23.510.5 

0.01810.002 

5 

(a)  70/22  blend  of  EX-7020  and  EX-7019 

(b)  Graphited 

(o)  Ex-23-1  projectile 

(d)  800  grams  of  black  powder  in  primer 

(e)  600  ’’  **  • '*  « 

(f)  400  " " " ” " •’ 

(g)  T-1070  - Static  calibration  pres- 
sure for  1/6  sq.  in.  area  gauges. 


(h)  MI-2  - Dynamic  calibration  pressure 
for  1/6  sq.  in  area  gauges 
’i)  MI -3  - Dynamic  calibration  pressure 
for  1/30  sq.  in  area  gav^os 

(j)  Baaed  on  3 rounds 

(k)  Cone  crimp  assembly 
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b.  Charge  Determination! 

(1)  5"/54-  caliber  guns  (as  indicated) 

Firing  conditions  were  the  same  qs  the  Uniformity 
Firings. 

PPD 


Date 

Powder 

(in.) 

(d) 

No» 

Gun 

Velocity 

(f/.) 

Charge 

(Ibs.^ 

Pressure 
(t  «s  «i  . ) 

Remarkr 

12-13 

-52 

EX-7016 

4.2 

16076 

18 

0 

3000 

20.1X 

26.3 

Too  fast 

n 

It 

2*6 

It 

It 

n 

3100 

21.18 

29.5(a) 

Too  fast 

n 

SX-7017 

1.2 

n 

n 

It 

3000 

21,55 

19.4 

Too  slow 

n 

n 

-0.3(1 

9)  " 

n 

II 

3100 

22  .53 

21.6 

Too  slow 

ti 

EX-7018 

-2  «0(e  ) " 

n 

n 

3000 

23.89 

18.4 

Too  slow 

» 

n 

-3.6(e)  " 

n 

II 

3100 

24,96 

19.9 

Too  slow 

• 

EX-7019 

5.5 

It 

n 

It 

3000 

19.16 

29.2(a) 

Too  fast 

• 

It 

4.1 

n 

n 

a 

3100 

20.10 

32.3(a) 

Too  fast 

n 

EX-7020 

2.0 

e 

• 

It 

3000 

20.86 

20.1 

Too  slow 

n 

n 

0.5 

tt 

II 

It 

3100 

21.83 

21.9 

Too  slow 

« 

EX-7021 

-0.6(( 

0 • 

e 

tt 

5000 

23.03 

17.5 

Too  alow 

» 

a 

-2.3(e)  •» 

It 

It 

3100 

23,98 

18  ,7 

Too  slow 

II 

Blend  (b)  3.5 

n 

tt 

0 

3000 

20,47 

21.2 

Too  slow 

a 

n 

2.2 

n 

n 

It 

3100 

21.40 

23.6 

(f) 

II 

EX-7038 

2.9 

It 

n 

It 

3000 

21.49 

19.6 

Too  slow 

n 

It 

1.4 

It 

n 

tt 

3100 

22  .51 

21.2 

Too  slow 

Q 

EX-7048 

6.7 

It 

It 

It 

3000 

19.35 

(0) 

Too  fast 

« 

It 

5.3 

n 

tt 

It 

3100 

20.26 

(0) 

Too  fast 

n 

EX-7049 

4.9 

tt 

tt 

It 

3000 

21.06 

(0) 

Too  fast 

n 

tt 

3.7 

« 

N 

It 

3100 

21.98 

(0) 

Too  fast 

ti 

EX-7050 

3.6 

II 

U 

It 

3000 

22  .15 

(0) 

Too  fast 

II 

R 

2 .5 

0 

• 

n 

3100 

23.12 

(0) 

Too  fast 

12-19 

1-52 

EX-7020 

2,1 

14763 

16 

0 

3000 

20,74 

21.0 

Too  slow 

n 

n 

0.7 

It 

It 

It 

3100 

21.72 

23.0 

(f) 

H 

EX-7038 

2 .8 

II 

It 

It 

3000 

21.56 

19,9 

Too  slow 

n 

N 

1.3 

It 

It 

It 

3100 

22.65 

21.6 

Too  slow 

« 

Blend  (b)  3,6 

Q 

It 

It 

3000 

20.43 

21.6 

Too  slow 

« 

n 

2.3 

It 

II 

n 

3100 

21.44 

25.7 

Too  fast 

1-2-53 

EX-7038 

3.1 

16077 

18 

0 

3000 

21.35 

19.0 

Too  slow 

N 

It 

1.7 

It 

It 

n 

3100 

22.39 

20,4 

Too  slow 

II 

EX-6822 

5.1 

II 

II 

tt 

3000 

20.46 

20.5 

(h) 

It 

II 

3.7 

n 

It 

II 

3100 

21.56 

22.4 

(hi 

It 

EX-6883 

4.9 

II 

n 

II 

3000 

20.28 

20.1 

(g) 

It 

It 

3.5 

It 

u 

II 

3100 

21,31 

21.7 

(g) 

(a) 

Extrapolated  value 

(f) 

Satisfactory  ballistically  at 

(b) 

Blend  of  78%  EX-7020  and  22% 

EX- 

■7019 

3100  f/s  but  uneatisfactoiy 

(c) 

Over  30  t.s.: 

1*  by  extrapolation 

within  PPD  limits 

(d) 

?PD 

without  1 

gages 

(g) 

Evaluated 

separately  in  ref.  (f) 

(e) 

Charge  too  large  for  cartridge  case  (h) 

Evaluated 

separately  in  ref , (i) 
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(2)  None  of  the  subject  propollants  tested  in  the  5"/54- 
caliber  gun  Ulk  18  or  Mlc  I6)  at  3000-3100  f/s  velocity  and  22-24 
tsi  pressure  were  satisfactory  within  3»5  PPD  limitation. 

(3)  Soft  surfaces  and  to  a greater  or  lessor  degree 
inherent  "fish- scale”  surface  structures  were  observed  on  propel- 
lants EX- 7016  through  EX- 7021.  Because  of  the  above  conditions, 
optimum  powder  packing  conditions  were  somewhat  difficult  to 
establish  and  maintain.  One  of  the  powders  (EX-7020)  was  coated 
with  a layer  of  graphite.  The  FPD  for  a charge  of  20.75  lb.  of 
this  powder  ungraphited  was  1V6  while  the  same  charge  v/ith  a 
coating  of  graphite  was  3V1»  thereby  allowing  for  1'.'5  more  free 
space  remaining  in  the  cartridge  case. 

(4)  EX-7038  v/as  too  slow  for  the  5"/54  caliber  gun  and 
v/as  found  unsatisfactory  as  a replacement  for  EX-6883* 

(5)  EX- 7048  through  EX- 7050,  the  first  mono- per for a ted 
propellants  fired  in  the  5"/54^  caliber  gun,  were  all  too  fast  at 
either  30OO  or  3100  f/s  velocity. 

It  is  evident  that  mono-perforated  ppopollants  are 
readily  ignitablo  and  have  possibilities  for  use  at  higher  veloc- 
ities and  pressures  in  the  5’V54  caliber  gun. 

(6)  Comparative  firings  between  the  Ex-23-1  and  5Jk  41-0 
(60  lb.  projectiles)  showed  no  appreciable  difference  in  ballis- 
tics. 


(7)  One  powder  from  each  group  was  fired  with  different 


amounts 

of  ignition  in  the 

primer • 
Per  Cent 

The  data 

are  as 

follov/s: 

No. 

Powder 

Charge 

Relative 

Nitrate 

Ignition 

Velocity 

Pressiire 

Of 

Index 

(lbs.) 

Ignitability 

Nitrogen 

(t  .8  . i .) 

Rda. 

BX-7019 

17.00 

277 

7.56 

800 

2 78*  ±3 

24.110.2 

2 

« 

tt 

n 

n 

600 

2782i2 

22.810.5 

2 

n 

m 

» 

H 

400 

2766±1 

20.510,1 

2 

BX-7017 

21.10 

190 

6.42 

800 

2948±3 

19.010,1 

2 

n 

n 

1) 

a 

600 

2928±1 

17.810.0 

2 

n 

» 

« 

ff 

400 

291S±1 

17.110.1 

2 

BX-6883 

20.15 

150 

5.03 

800 

2957±4 

20.010.3 

2 

H 

u 

N 

II 

600 

2949±2 

19,910.2 

2 

i»  n " 

(a)  5 second  hengflres 
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From  the  above  results  it  can  bo  seen  that  a pro- 
pellant with  a higher  relative  ignitability  and  higher  percent 
nitrate  nitrogen  content  is  more  sensitive  to  ignition  changes^ 

Tests  are  currently  being  conducted  on  these  pro- 
pellants to  determine  ignition  changes  on  pressure-time  behavior 
and  will  be  reported  separately  under  "Case  Gun  Ignition"  Task 
Assignment  NPG-Re2a-l84-l-53» 

c*  Pressure-Time  Records* 

(1)  The  pros sure- time  records  obtained  in  the  subject 
tests  are  presented  in  Appendix  (B)« 

(2)  EX-6822  and  EX-6883  gave  smooth  pressure-time  curves* 

(3)  The  pressure-time  curves  obtained  with  EX-7038  had 
only  slight  stops  occurring  in  the  pressure-rise  portion  of  the 
curves* 


(4)  EX- 7020  'ungraphitod)  gave  fairly  pronounced  steps 
in  the  pressure-rise  region  and  were  generally  better  than  those 
obtained  with  EX-7020  after  graphiting* 

(5)  Very  large  steps  and  rough  peaks  were  obtained  with 
EX- 7019  and  EX-7050* 

(6)  In  general,  none  of  the  subject  powders  tested  in 
the  5"/54  caliber  gun  gave  as  smooth  pressure- time  curves  as 
either  EX-6822  or  EX-6883. 
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CPNgtygtgNg. 


9.  From  the  results  of  the  subject  tests,  it  is  concluded  that; 

a*  None  of  the  subject  propellants  tested  in  the  5"/54  cal- 
iber gun  (Mk  18  or  Mk  lo)  were  satisfactory  at  3OOO-3IOO  f/s 
velocity  in  the  22-24  t,s.i,  pressure  range  within  the  limitation 
of  3V5  PPO  (Production  Packing  Depth)* 

b*  Difficulty  in  establishing  and  maintaining  optimum  powder 
packing  conditions  was  experienced  due  to  the  soft  and  fish- scale 
surface  structures  of  EX-7OI6  through  EX-7021*  For  the  assessed 
charge  of  20*75  It*  of  EX-7020,  an  increase  of  1V5  in  PPD  was 
obtained  by  graphiting  the  powder* 

c*  EX- 7038  w«is  unsatisfactory  as  a replacement  for  EX-6883* 

d*  Mono-perforated  powders  are  readily  ignitable  and  show 
possibilities  for  use  at  higher  velocities  and  pressures  in  the 
5"/54  caliber  gun* 

e*  No  appreciable  differences  in  ballistics  were  obtained 
between  the  Ex-23-1  and  Mk  41-0  (60  lb*)  projectiles* 

Preliminary  firings  indicate  that  propellants  with  higher 
relative  ignitability  and  larger  percent  nitrate  nitrogen  are 
more  sensitive  to  basic  ignition  changes* 

f*  The  pressure-time  curves  obtained  with  the  subject  pro- 
pellants had  steps  occurring  in  the  pressure-rise  region  and  in 
general  were  rougher  than  those  obtained  with  EX-6822  or  EX-6883* 
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The  tests  upon  which  this  report  is  based  were  conducted  by» 
J.  A.  KRYSTOFIK,  Head  of  Test  Branch 

Interior  Ballistics  Division 
Armament  Department 

This  report  was  prepared  by* 

J.  A.  KRYSTOFIK,  Head  of  Test  Branch 

Interior  Ballistics  Division 
Armament  Department 

This  report  was  reviewed  by* 

D.  C.  GAIN,  Head  of  the  Interior  Ballistics  Division 
Armament  Department 
L.  C.  KLINGAMAN,  Commander,  USN 
Armament  Officer, 

Armament  Department 

C,  C.  BRAiffiLE,  Director  of  Research,  Ordnance  Group 


APPROVED*  J.  F.  BYRNE 
Captain,  USN 

Commander,  Naval  Proving  Ground 


E.  A.  RUCKIOT 
Captain,  USN 
Ordnance  Officer 
By  direction 
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TABULATION  OF  FIRIRGDATA 


Gun«  5'V54  Caliber,  Mk  I8-O  No.  I6076 

ESR  = 42.4  Do  = 5.010 
Mk  16-0  No.  14763 
ESR  = 180.5  Dn  = 5.056 
Mk  16-0  No.  14758 
ESR  a 296.8  Do  = 5.074 
Mk  18-0  No.  16077 
ESR  = 54.2  Do  = 5.006 
Mk  18-0  No.  I6O78 
ESR  = 271.7  D = 5.011 


Projectile* 

I4k  41-0  (60.00  lb.)  Empty 

Cartridge  Case* 

Mk  7 

Primers 

Mk  45  (XC-M5B) 

Lead  Foil* 

None 

Powder  * 

As  indicated 

Plug* 

Cork 

Crimp* 

Cone  on  2/2/53  - None  on  rest 

v<ad  and  Spacer* 

Cardboard,  NGF  Dwg.  No.  132664 
Pc.  Nos.  18  and  15  (as  required) 

Powder  Temp,* 

90®  p 
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NPG  EEPCRT  NO.  1150 


Ballistic  Test  of  Cod  Propellants  EX-7016  - EX- 7021  Inclusive, 
EX-7038,  and  EX- 7048  - EX-7050  inclusive 


PRESSURE  TIME-CURVES 


Gun* 

Projectile* 
Cartridge  Cases 
Primer  * 

Lead  Foils 
Powder  * 

Plug: 

Was  and  Spacers 


5"/54  caliber  Mk  I6-0,  No's.  14758  and  I4763 

Mk  41-0  (60.00  lb.)  Empty 

Mk  7 

Mk  45 

None 

As  Indicated 
Cork 

Cardboard,  NGF  Dwg.  132664 
Pc.  Nos.  18  and  15  (as  required) 


Powder  Temp.#  90®F 
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PRESSURE-TIME  CURVES 


-4  ■ P-- — 

<a.oel  Sec. 


fio/.  Hu  - V 


CONFIDENTIAL 
SECURITY  INFORMATION 


2 


APPENDIX  B 


CONFIDENTIAL 


NPG  REPORT  NO,  1150 


Ballistic  Test  of  Cool  Propellants  EX-7016-EX-7021  Inclusive, 
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